Effect of chloramine concentration on biofilm maintenance
on pipe surfaces exposed to nutrient-limited drinking water
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Abstract
This study addresses the effect of specific monochloramine concentration on biofilm density and bacterial functional potential in nutrient-limited water. The efficacy of monochloramine residual maintenance on biofilm density was studied at a range
of 0.5 to 2.0 mg/ℓ, using a 3:1 (w/w) dosing ratio of chlorine to ammonia, with the provision of low-nutrient water (0.18 mg/ℓ
as total organic carbon, 0.055 mg/ℓ as biodegradable dissolved organic carbon, and 10.5 µg/ℓ as assimilable organic carbon)
using a granular activated carbon (GAC) filter. Biofilm density was monitored using biofilm bacteria counts and analysis of
the physiological substrate utilisation profiles in Biolog gram-negative (GN) micro-plates.
The monochloramine residuals were maintained stable in the low-nutrient water pipes, which contributed to the inhibition
of biofilm density. Increasing the monochloramine residual from 0.5 to 2.0 mg/ℓ suppressed the total cells and heterotrophic
plate count (HPC) bacteria in the biofilms by about 1 and 2 log units, respectively. The biofilm HPC densities were more sensitive to monochloramine residual, and the reduction in biofilm HPC densities expressed as log CFU/cm 2 showed an exponential
relationship with the increase in monochloramine residual. The Biolog micro-plate-based community-level assay showed
that the biofilm communities occurring at 3 levels of chloramination were distinguished by the differences in their substrate
utilisation potentials. The functional/metabolic potential of the biofilm community’s ability to utilise specific substrates was
much lower at higher monochloramine concentration. Results suggest that the maintenance of a consistently high-level monochloramine residual in the low-nutrient water system led not only to a reduction in biofilm density on pipe surfaces but also
depressed potential functional/metabolic ability of the biofilm community.
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Introduction
Biofilms are aggregates of surface-associated micro-organisms
in water distribution systems and can cause water qualityrelated problems, including bacterial regrowth, increased disinfectant demand (Lu et al., 1999), and taste and odour problems
to the water (Nagy and Olson, 1985; Astier et al., 1995). Public
concern for safe drinking water has brought the issue of biofilm
density and subsequent growth to the forefront in water supply
research.
The addition of chlorine or monochloramine is one of the
most common methods of controlling biofilm density in water
distribution systems. Despite some evidence showing the inefficiency of chlorination in inactivating biofilm bacteria, free chlorine is widely used in many countries. However, some studies
have shown that monochloramine is superior to free chlorine in
its potential for biofilm control (LeChevallier et al., 1988; Momba
et al., 1999). Increasing chloramination practice in water utilities
would be due to the prolonged persistence of monochloramine
in the system. The use of monochloramine helps to reduce the
formation of disinfection by-products. Under certain conditions,
monochloramine was reported to penetrate better into biofilms
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than free chlorine, because it seems to have a lower capacity for
reaction with biofilm constituents (Griebe et al., 1994; Stewart
et al., 2001). Although it is a weaker biocide than chlorine, it was
shown to be effective when tested against biofilms. The efficacy
of chlorine and monochloramine was compared using Pseudo
monas aeruginosa biofilms grown in an annular biofilm reactor
(Griebe et al., 1994); a dose of 4 mg/ℓ of monochloramine was
found to be more effective for biofilm inactivation than a dose of
10.8 mg/ℓ of free chlorine. A disadvantage of monochloramine,
however, is that longer contact times or higher concentrations
are required to obtain similar results to those achieved with
chlorine (Chandy and Angles, 2001).
Chloramines are produced by substitution reactions between
free chlorine and ammonia in a process called chloramination.
The forms of chloramine are monochloramine (NH 2Cl), dichloramine (NHCl2), and trichloramine (NCl3); monochloramine
is the predominant species under conditions typically found
in drinking water treatment (Wolfe et al., 1984). Traditionally,
chloramination is practised at a 3:1 dosing ratio of chlorine to
ammonia by weight to optimise monochloramine formation
(Hass, 1999).
Although chloramine is considered a more stable disinfectant than chlorine, it can disappear from the water distribution
system through reactions involving both corroded pipe surfaces
and natural organic matter in bulk water (Vikesland et al., 1998;
Vikesland and Valentine, 2000). It is therefore emphasised that
a consistent chloramine residual in the distribution system to
control biofilm levels should be maintained. Chandy and Angles
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